Dimensional expansion for thermal imaging  by Cooke, Mike
www.three-fives.com 41
II-VIs T E C H N I C A L F E A T U R E
Dimensional expansion
for thermal imaging
The UK Ministry of Defence (MoD) has
awarded an £8.45 million contract for devel-
opment of thermal imaging technology
based on cadmium mercury telluride (CMT)
detectors. Managing the development con-
tract is SELEX Sensors and Airborne Systems
(S&AS), while QinetiQ and Thales UK are
also part of the team.
The ‘ALBION’ project will develop next (third)
generation thermal imaging technology with
higher resolution, greater sensitivity and lower
cost than the current second-generation tech-
nologies.ALBION’s first phase is scheduled to
take two years, up to 2008, when it is hoped that
the MOD will seek to develop the programme
further, moving from a pilot to an operational
phase over three years.
In the UK, first generation CMT detectors con-
sisted of a few pixels (1980s).The second genera-
tion (from 2000 in the UK) now being imple-
mented has a 1-dimensional line of pixels for
image scanning.The third generation coming out
of ALBION will be a 2D focal plane array (FPA),
resulting in simpler mechanics and optics.With
the extra dimension, resulting in some half a mil-
lion pixels, it is expected that the FPA will con-
tain significant amounts of in situ signal-to-noise
conditioning and will be “flipped” onto CMOS
read-out circuitry, creating “Smart On-chip
Processing”.
The CMT (or MCT or HgCdTe) II-VI ternary sys-
tem consists of alloys of CdTe and HgTe.While
CdTe is a semiconductor (bandgap energy
~1.5eV), HgTe is a semimetal (bandgap 0eV).
Alloys of these two materials allow engineering
of a direct bandgap in the range 0–1.5eV (Figure
2).
The system can be used to detect radiation in
the longer wavelength infrared (IR) atmospheric
windows such as the mid- and long-wave (MWIR
and LWIR) ranges of 3–5µm (photon energy
0.25–0.41eV) and 10–12µm (0.10–0.12eV),
respectively (Figure 1).While room temperature
results in thermal radiation that peaks around
10µm, 3µm detectors penetrate humid atmos-
pheric conditions more easily. For the 3–5µm
wavelength range, one typically uses 30% cadmi-
um (Hg0.7Cd0.3Te) and for 10–12µm 20%. One
can also cover short-wave IR SWIR windows,
such as 2.2–2.4µm and 1.5–1.8µm, since 1.5eV
represents a submicron photon wavelength of
0.83µm.Alternative detector materials, such as
indium antimonide, have a bandgap-determined
cut-off of longer wavelengths (e.g. InSb has a
5µm threshold).ALBION hopes to create various
multi-band CMT options.
Dr Mike Cooke
Figure 1. High quality, adaptable thermal imaging requires the ability to detect the peak room
temperature thermal radiation wavelength around 10µm, and the 3µm band that penetrates
humid atmospheric conditions more easily.
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The ALBION work is designed to offer sensors
with significant military advantages in the detec-
tion, recognition and identification of targets at
night and in poor visibility.The MoD plans to use
the technology on land, at sea and in the air.
Potential applications include advanced sensors
on future armoured vehicle pro-
grammes, naval infrared search
and track (IRST) systems and
missile seekers for precision
attack against difficult targets.
Part of the initial phase’s remit
is to identify specific applica-
tions for wider application of
CMT technology.
Another advantage of CMT is
fast, high-sensitivity detection
rates.The speed results from
high carrier mobilities and the
sensitivity from the direct
nature of the bandgap.
However, CMT is expensive
and its application has been
restricted to military and sci-
entific (infrared astronomy)
applications.Among the prob-
lems common to all systems is the need to
cool MWIR and LWIR detectors to reduce
noise from thermally excited carriers. For the
LWIR window, near liquid nitrogen (77K) tem-
peratures are needed, while for MWIR work
one can use thermoelectric cooling.The result-
ing system is generally heavy and bulky.While
liquid nitrogen is convenient in the laboratory,
Stirling engines are used to cool transportable
equipment to 80K.
While it is not part of the ALBION project, Peter
Dennis, Qinetiq’s Development Manager for High
Performance Thermal Imaging, reports that
research is underway to develop High Operating
Temperature (HOT) CMT detectors through
modifying the band structure to extract thermal
carriers.The benefit would be that less expensive
cooling techniques such as thermoelectrics
(~£100s) rather than Stirling engines (~£1000s)
could be used.
According to Qinetiq’s managing director of
Technology and Products, Simon Bennett, the
contract builds on several earlier thermal and
infrared imaging programmes.“This phase of the
programme will enable us to move much closer
towards the eventual industrialisation of these
capabilities, which could be integrated into a
wide range of military programmes both in the
UK and with allied forces.”
Mike Cooke is a freelance technology journalist
who has been reporting on the semiconductor
industry since 1997.
Figure 2. The bandgap energy of Hg1-xCdxTe as a function of x, as determined by the empirical
formula of Hansen et al., J. Appl. Phys. 53, 7099–7101 (1982). The negative “bandgaps” for
low x represent metallic states.
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